IMPORTANCE Incorporating nontraditional risk factors may improve the performance of traditional multivariable risk assessment for cardiovascular disease (CVD).
C ardiovascular disease (CVD) is the leading cause of death in the United States, accounting for about 1 in 3 deaths. 1 The incidence of CVD is strongly associated with a set of traditional risk factors, [2] [3] [4] [5] which have been combined using multivariable risk assessment tools to estimate an individual's risk for having a CVD event. 6 However, these tools can underestimate or overestimate CVD risk. 7 Inclusion of nontraditional biological and physiologic risk factors might improve the performance of tools. Given that risk estimates are used to guide preventive therapy such as aspirin and statins, 6, [8] [9] [10] improved risk assessment performance could result in improved CVD outcomes. Previous research has established that abnormal values for the nontraditional risk factors of the ankle-brachial index (ABI), high-sensitivity C-reactive protein (hsCRP) level, and coronary artery calcium (CAC) score are significantly associated with morbidity and mortality. [11] [12] [13] Moreover, this research has shown that these factors can improve the ability of models to distinguish between individuals who will and will not have events and to reclassify individuals into clinically actionable risk strata. However, previous systematic reviews were conducted before the release of newly recommended risk tools and treatment thresholds. Additionally, these reviews did not address the ability of nontraditional risk factors to improve on existing models' overestimation or underestimation of risk. Based on previous systematic reviews, the US Preventive Services Task Force (USPSTF) issued recommendations in 2009 and 2013, concluding that the evidence was insufficient to assess the benefits and harms of using nontraditional risk factors for cardiovascular risk assessment (I statements). 14, 15 This review sought to identify and appraise updated evidence on the benefits and harms of nontraditional risk factor assessment and therapy guided by the ABI, hsCRP level, and CAC score to support the USPSTF in updating its 2009 and 2013 recommendations.
Methods

Scope of Review
This review addressed 5 key questions (KQs) as shown in Figure 1 . Methodological details including study selection, a list of excluded studies, data analysis methods, and additional subpopulation results, as well as detailed descriptions of all models, are available in the Compared with the Pooled Cohort Equations or Framingham risk factors alone, does risk assessment of asymptomatic adults using nontraditional risk factors-followed by treatment specific to risk level-lead to reduced incidence of cardiovascular events (eg, myocardial infarction, cerebrovascular accident), mortality, or both?
Does use of nontraditional risk factors in addition to traditional risk factors to predict cardiovascular disease risk improve measures of calibration, discrimination, and risk reclassification? Nontraditional risk factor assessment (ABI, hsCRP, CAC) Initial risk estimate or category Traditional CVD risk assessment a Treatment based on nontraditional risk factor assessment Evidence reviews for the US Preventive Services Task Force (USPSTF) use an analytic framework to visually display the key questions that the review will address to allow the USPSTF to evaluate the effectiveness and safety of a preventive service. The questions are depicted by linkages that relate interventions and outcomes. Further details are available in the USPSTF procedure manual. 16 ABI indicates ankle-brachial index; CAC, coronary artery calcium; CVD, cardiovascular disease; hsCRP, high-sensitivity C-reactive protein; MI, myocardial infarction.
a Risk factors: age, sex, blood pressure, levels of total and high-density lipoprotein cholesterol, smoking, diabetes, race/ethnicity.
full evidence report at https://www.uspreventiveservicestaskforce .org/Page/Document/UpdateSummaryFinal/cardiovascular-disease -screening-using-nontraditional-risk-assessment.
Data Sources and Searches
MEDLINE, PubMed, and the Cochrane Central Register of Controlled Trials were searched through May 22, 2017 , to identify literature published after 2 reviews for the USPSTF 11, 12, 17 (eMethods in the Supplement). All studies in the prior reviews were also evaluated, as well as reference lists of other systematic reviews. [18] [19] [20] [21] [22] [23] [24] ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry Platform were searched for relevant ongoing trials. Since May 22, 2017 , ongoing surveillance through article alerts and targeted searches of journals with a high impact factor and journals relevant to the topic was conducted to identify major studies published in the interim that may affect the conclusions or understanding of the evidence and therefore the related USPSTF recommendation. The last surveillance was conducted on February 7, 2018 , and identified no additional relevant studies.
Study Selection
Investigators reviewed 22 707 unique citations and 483 full-text articles against a priori inclusion criteria (Figure 2 ;eTable1intheSupplement).
Studies of adults without known CVD that were published in English were eligible for inclusion. For each KQ, subpopulation analyses by sex, race/ethnicity, and diabetes were identified a priori. For KQ1, trials comparing traditional risk assessment with traditional risk assessment plus the ABI, hsCRP level, or CAC score that reported patient health outcomes (ie, CVD events, mortality, or both) were included. For KQ2, individual participant data meta-analyses, trials, and well-designed prospective cohort studies evaluating risk prediction in models with traditional risk factors (base model), compared with models additionally including the ABI, hsCRP level, or CAC score (extended model), were included. KQ2 studies were required to include a measure of calibration, discrimination, or reclassification (Box). Eligible base models were the Pooled Cohort Equations, 27 the Framingham Risk Score, [28] [29] [30] [31] [32] or models including the same variables: age, sex, systolic blood pressure, use of antihypertensive medication, total cholesterol level, high-density lipoprotein cholesterol level, and smoking status. Models were eligible with or without inclusion of race/ethnicity and diabetes status. Studies with additional variables in their base models were excluded, as this would have precluded isolation of the effect of the nontraditional risk factor of interest. Extended models that incorporated multiple nontraditional risk factors were excluded if the effect of newly added risk factors could not be isolated. For KQ3 and KQ5, trials, prospective and retrospective cohort studies, and well-designed case-control studies examining harms of risk assessment or treatment guided by risk assessment were included. Harms included any serious adverse event requiring unexpected or unwanted medical attention resulting from risk assessment or harms from risk factor modification. For assessment of CAC score, radiation exposure from computed tomography (CT) was included as a potential harm. For KQ4, trials of treatment guided by nontraditional risk factor assessment in addition to traditional risk assessment vs no treatment or usual care that reported patient health outcomes (ie, CVD events, mortality, or both) were included.
Data Extraction and Quality Assessment
Two independent reviewers critically appraised the included studies using predefined criteria, 16, 33, 34 with a third reviewer resolving disagreements (eTable 2 in the Supplement). Articles were rated as good, fair, or poor quality. In general, a good-quality study met all criteria. A fair-quality study did not meet, or it was unclear whether it met, at least 1 criterion but had no known important limitations that could invalidate its results. A poor-quality study had a single fatal flaw or multiple important limitations. Poorquality studies were excluded from the review. Two studies, both for KQ2, were excluded as poor quality because of nonrepresentative sampling of patients, self-reported outcomes, limited duration of follow-up, and/or a small number of CVD events. 35, 36 One reviewer abstracted descriptive and outcome data from each included study into standardized evidence tables; a second checked for accuracy and completeness.
Data Synthesis and Analysis
Data for each KQ are summarized narratively according to nontraditional risk factor. Quantitative analyses were not conducted because of the limited number of studies for each KQ or methodological and clinical heterogeneity, including differences in outcomes and treatments evaluated. KQ2 results are stratified by calibration, discrimination, or reclassification (Box). A full description of selected measures for each domain and their limitations is available in eTable 3 in the Supplement. Because there is no guidance in existing literature about how to characterize the magnitude or clinical meaning of changes in discrimination (KQ2), 26 the following definitions were used for practical reasons. For changes in the C statistic, the term "large" is used to denote changes of 0.1 or greater, "moderate" for changes of 0.05 to 0.1, "small" for changes of 0.025 to 0.05, and "very small" for changes less than 0.025. C statistics range from 0.5 to 1.0; the 0.1 cutpoint for "large" was set because it represents 20% of the possible range. A change in C statistic of 0.025 approximates a 5% higher sensitivity when specificity is 50%.
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KQ2 analyses were additionally stratified by (1) type of model design-ie, published coefficient vs model development; (2) choice of the Pooled Cohort Equations or the Framingham Risk Score as the base model; and (3) prediction of global CVD outcomes, which include coronary and noncoronary events. Published coefficient model studies are risk prediction studies evaluating the added prognostic value of the ABI, hsCRP level, or CAC score that preserved the coefficients from the published Pooled Cohort Equations or Framingham Risk Score, which are readily available for use in clinical practice. This is in contrast to model development studies, which fit entirely new models with locally developed coefficients, such that these models are generally not available in the public domain for clinical use. Studies that used the original published coefficients of the Framingham Risk Score or the Pooled Cohort Equations were considered preferable to model development studies because of their applicability.
To help illustrate the clinical meaning of the Net Reclassification Index (NRI), event NRI, and nonevent NRI for each nontraditional risk factor, reclassification tables from selected studies were modified to correspond to current treatment thresholds and show reclassification in both absolute and relative terms. A 2016 Multi-Ethnic Study of Atherosclerosis (MESA) published coefficient analysis (which evaluated all 3 nontraditional risk factors using both Pooled Cohort Equations and Framingham Risk Score base models) 38 and 2 individual patient data meta-analyses (available for the ABI 39 and hsCRP level 40 ) were selected based on the applicability of the models evaluated, the ability to compare across risk factors, the larger populations represented therein, and the reporting of reclassification tables allowing for this analysis. For the Framingham Risk Score-based analyses, which used 3 risk strata, the top 2 risk strata (10%-20% and >20%) were combined to conform to the current USPSTF recommendation to initiate preventive low-dose aspirin and statins based on a 10-year CVD risk of 10% or greater.
Box. Definitions of Risk Prediction Measures Included for KQ2
Calibration refers to the agreement between observed and predicted outcomes. Calibration plots and observed to expected ratios were identified a priori as preferable measures of calibration because of their ability to indicate direction of miscalibration, capacity to compare across models. and intuitive graphic interpretation.
Discrimination is the ability to distinguish between individuals who will and will not have an event. This analysis uses the change in C statistic to measure discrimination. The C statistic is the probability that, for a randomly selected pair of individuals, 1 with disease and the other without, the person with disease will have the higher estimated disease probability according to the model. 25 Reclassification reflects the ability of a new model to appropriately reassign people into different risk strata. The most commonly used measure in this review was the Net Reclassification Index (NRI), which captures the reclassification of individuals that occurs when traditional risk assessment is enriched with the ABI, hsCRP level, or CAC score, where clinically meaningful risk strata are typically defined by treatment thresholds. Reclassification to a higher risk category is considered appropriate when the individual has an outcome, and reclassification to a lower risk category is considered appropriate when an individual does not have an outcome. The NRI is the sum of differences in proportions of individuals moving up a risk category minus those moving down a risk category with a cardiovascular disease outcome (known as the event NRI), plus the proportion moving down a risk category minus those moving up a risk category without an outcome (known as the nonevent NRl).
Results
In total, 43 studies reported in 54 publications (n = 267 244) were included ( Figure 2) . 24, 25, 75 Participants were middleaged adults with CVD risk factors but no known CVD or symptoms. This study found no statistically significant difference in myocardial infarction, mortality, or combined myocardial infarction and mortality at 4 years between the 2 groups; however, the trial did not have adequate sample size and length of follow-up to detect differences in these outcomes, as the primary outcome of this trial was a change in CVD risk factors and Framingham Risk Score at 4 years.
Performance Characteristics of Risk Assessment Measures
Key Question 2. Does use of nontraditional risk factors in addition to traditional risk factors to predict cardiovascular disease risk improve measures of calibration, discrimination, and risk reclassification? Thirty-three studies reported in 43 articles evaluated the ABI, hsCRP level, and/or CAC score in addition to traditional cardiovascular risk assessment and reported 1 or more measures of calibration, discrimination, and/or risk reclassification. Ten studies evaluated the ABI, 25 studies evaluated hsCRP level, and 19 studies evaluated CAC score ( Table 1) . The evidence base for the ABI and hsCRP included large individual patient data meta-analyses 39, 40 ;in these cases, the meta-analyses are discussed as the central piece of evidence and other studies of individual cohorts are discussed in relation to these meta-analyses. In general, participants included in studies represented a broad range of primary prevention populations to whom CVD risk assessment is applicable. Most individuals were recruited as part of population-based cohort studies; additional populations were from cohorts derived from treatment trials 72,77,79,83,86 and 1 registry of individuals who received CAC scores. 44 Some analyses excluded people with known diabetes or already taking statins. 25, 38, 53, 57, 65, 69, 71, 76, 88 Most included studies have important limitations in their applicability to current clinical practice. Fourteen studies (32.6%) used the published coefficients of publicly available Framingham Risk Score or Pooled Cohort Equations models. Moreover, the "low," "intermediate," and "high" risk strata used in many studies are not consistent with those used in current practice, where a single threshold, such as 7.5% or 10% 10-year risk, is used for decision making to initiate preventive therapy.
Calibration
Limited data are available to inform whether the addition of the ABI (5 studies), hsCRP level (9 studies), or CAC score (8 studies) can improve agreement between predicted and observed events of risk assessment models. Across all 3 nontraditional risk factors, less than half of studies reported a measure of calibration (Table 1) . Of these, only 2 24, 25 reported the preferred measures of calibration plots and observed to expected ratios, and these are reported only for studies evaluating hsCRP level. These studies showed that the addition of hsCRP can improve calibration in some risk groups but worsen it in others; however, the small number of events-particularly in lowerrisk groups-precludes definitive conclusions. 40 This analysis showed that the addition of hsCRP level increased discrimination by 0.0039 (95% CI, 0.0028 to 0.0050) for predicting a composite of fatal and nonfatal myocardial infarction and cerebrovascular accident. Exploratory subgroup analyses showed a very small, statistically significant improvement in men and no change in women; the P value for heterogeneity was less than .001. Results were inconsistent for studies not included in the individual patient data meta-analysis, ranging from a worsening of discrimination with the addition of hsCRP level 24 to a small improvement 59, 71 ; however, estimates of even small improvement likely represent an upper bound because of study design limitations.
CAC Score | The evidence (18 studies; n = 60 486) shows that the addition of CAC score to traditional risk assessment models results in the largest improvement in discrimination of all nontraditional risk factors evaluated, with change in the C statistic ranging from 0.018 to 0.144 (eTable 6 in the Supplement); however, there is no available individual patient data meta-analysis allowing for robust sexstratified analyses. Two studies evaluated published coefficient Pooled Cohort Equations models; however, both were analyses of the same cohort. 38, 51 The MESA analysis by Yeboah et al, 38 which had moderate base model discrimination of 0.74, found a very small to small, statistically significant improvement of 0.02 with the addition of CAC score to the model. The MESA analysis by Fudim et al, 51 which presented only sex-stratified results, demonstrated similar findings, although statistically significant only for men. Results for published coefficient Framingham Risk Score base models were statistically significant and showed a slightly higher magnitude of change. For example, the 2016 MESA analysis found a statistically significant improvement in discrimination of 0.04. 38 Results for model development studies were generally consistent with results from published coefficient analyses.
Reclassification
Ankle-Brachial Index | A large but heterogeneous body of literature (9 studies; n = 46 979) showed that the addition of the ABI to risk prediction models can improve the appropriate reclassification of individuals into clinically meaningful risk strata; NRIs are at best less than 0.1 and are usually much smaller and often nonsignificant ( Table 2 ). There was considerable variation in the definitions of risk strata used across studies, and only 1 study used the Pooled Cohort Equations, with a treatment threshold of 7.5% 10-year risk. 38 In this study, the total NRI was 0.017 (95% CI, −0.031 to 0.058). The individual patient data meta-analysis published coefficient Framingham Risk Score analysis used 10-year risk strata of less than 10%, 10% to 19%, and 20% or greater. 39 The NRIs based on these 3 strata are no longer as relevant because current treatment thresholds to initiate preventive therapies have been lowered to 7.5% or 10%, and reported NRI will capture movement between the middle and upper categories. Consistent with findings for discrimination, the addition of the ABI showed a larger improvement in women than in men. In contrast to the findings for the Pooled Cohort Equations, this improvement was statistically significant for the Framingham Risk Score base model: 0.096 (95% CI, 0.061 to 0.164) for women and 0.043 (95% CI, 0.008 to 0.076) for men. Event NRIs (the appropriate upward reclassification of individuals having CVD events) were larger than nonevent NRIs (the appropriate downward reclassification of individuals not having CVD events). However, the nonevent NRI for women was negative and statistically significant, meaning that more women without events were inappropriately reclassified to a higher risk stratum than appropriately reclassified to a lower risk stratum. Consideration of the event and nonevent NRI separately is important because the total NRI does not weight for the proportion of individuals who have or do not have events; in the included primary prevention populations, it is much more common not to have an event. Cohorts not included in the individual patient data meta-analysis showed a similar magnitude of reclassification with the addition of the ABI, with mixed statistical significance.
hsCRP Level | The body of evidence for the addition of hsCRP level to risk prediction models (15 studies; n = 115 686) shows inconsistent evidence for an improvement in the appropriate reclassification of individuals into clinically meaningful risk strata; evidence from the largest analysis suggests an overall NRI of no greater than 0.02 ( Table 2) . As with the evidence for the ABI, risk strata were defined variably among studies, with few using thresholds applicable to current practice. Additionally, many studies used 3 risk strata, which is no longer as relevant to current clinical practice. Only 1 study used the Pooled Cohort Equations with treatment threshold of 7.5% 10-year risk, and this was the same study that evaluated the addition of the ABI to the Pooled Cohort Equations. 38 In this study, the total NRI was 0.024 (95% CI, −0.015 to 0.067). The IPD meta-analysis model development study (n = 72 574) used 10-year risk strata of less than 10%, 10% to 19%, and 20% or greater. 40 The total NRI and event NRI were 0.0152 (95% CI, 0.0078 to 0.0227) and 0.0146 (95% CI, 0.0073 to 0.0219), respectively. However, the nonevent NRI was much smaller and nonsignificant (0.0006 [95% CI, −0.0009 to 0.0022]); about 92% of individuals in the individual participant data meta-analysis did not have events. Similar to results for discrimination, exploratory subgroup analyses by sex show that reclassification was greater for men than for women, but reclassification results were not significant for either sex individually. Two other studies offer some confirmatory evidence about a larger effect for men, although reporting inconsistencies preclude definitive conclusions. 60, 76 The results of cohorts not included in the individual patient data meta-analysis were also inconsistent with respect to magnitude and statistical significance. Predicted outcome, definitions of risk strata, and case mix did not explain differences among studies; however, these comparisons were limited by several concurrent sources of heterogeneity.
CAC Score | Of the 3 nontraditional risk factors evaluated in this review, the addition of CAC score to traditional risk assessment models has the strongest effect on appropriate reclassification (15 studies; n = 58 289). Results range from 0.084 (95% CI, 0.024 to 0.196) to 0.35 (95% CI, 0.11 to 0.58) and are consistently statistically significant; however, the nonevent NRI is negative in several studies (Table 2 ). In the absence of an individual patient data metaanalysis for CAC score, few reliable data are available to inform whether effect modification exists by sex. As for other nontraditional risk factors, studies used a variety of definitions of risk strata, which precludes definitive comparisons. The most applicable evidence is from the published coefficient Pooled Cohort Equations analysis, 38 which reported an overall NRI of 0.119 (95% CI, 0.080 to 0.256). Numerically, the overall NRI was driven by the event NRI of 0.178 (0.080 to 0.256). The nonevent NRI was negative (−0.059 [95% CI, −0.075 to 0.030]), meaning that individuals not having events were inappropriately reclassified upward into higher risk and above a treatment threshold. While not statistically significant in this study, the negative nonevent NRI is statistically significant in other studies.
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Clinical Interpretation of Reclassification Across Nontraditional Risk Factors
The clinical significance of the NRI, event NRI, and nonevent NRI can be understood by illustrating the absolute number of people appropriately and inappropriately reclassified in terms of current treatment thresholds. Selected examples from included studies are provided in 
Harms of Risk Assessment
Key Question 3. What are the harms of nontraditional risk factor assessment? Evidence for the harms of nontraditional risk factor assessment was limited to 8 studies evaluating CAC score; no eligible studies evaluated the potential harms of the ABI or hsCRP level. Four studies reported radiation exposure for CT imaging to obtain CAC score, 43, 55, 62, 75 and 5 studies reported other potential adverse events from CAC score measurement such as psychological outcomes, adverse cardiovascular events, and health care utilization. 45, 66, 67, 75, 80 Overall, the radiation exposure or effective radiation dose per CT examination is low: 2 mSv or less. Based on 2 studies (n = 1619)-a small randomized clinical trial (RCT) and a subsample from a population-based cohort-risk assessment with CAC score does not appear to cause short-term mental distress.
66,67 Additionally, 2 studies (n = 11 364) using administrative claims data showed that risk assessment with CAC score did not appear to paradoxically increase CVD events. 45, 80 However, a small body of evidence with study design and applicability limitations shows mixed findings for the effect of CAC score on downstream health care utilization. 45, 75, 80 Both the EISNER RCT and 1 cohort using administrative data found no statistically significant increase in cardiac imaging or revascularization procedures in patients receiving vs not receiving CAC screening in follow-up of 4 years or 6 months, respectively. 45, 75 However, 1 study using Medicare claims data found a greater number of subsequent cardiac imaging tests and revascularization in asymptomatic people who received CAC screening compared with those receiving hsCRP or lipid screening.
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Benefits and Harms of Risk Factor-Guided Treatment Key Question 4. Does treatment guided by nontraditional risk factors, in addition to traditional risk factors, lead to reduced incidence of cardiovascular events, mortality, or both?
No trials compared treatment guided by nontraditional risk factors in addition to traditional risk factors vs no treatment or usual care. In the absence of this evidence, studies in which preventive therapies were guided by nontraditional risk factors alone, without formal traditional risk assessment, were included. Four such RCTs reported the outcomes of CVD events, mortality, or both. 41, 42, 50, 64, 73 Two of these trials evaluated aspirin in individuals with an abnormal ABI, 1 trial evaluated high-intensity statins in those with an abnormal hsCRP level, and 1 trial evaluated moderate-intensity statins in those with an abnormal CAC score.
Two good-quality RCTs (n = 4626) in asymptomatic adults with an abnormal ABI-including 1 trial exclusively in participants with diabetes-did not find any statistically significant benefit for aspirin (100 mg daily) on reducing CVD outcomes or all-cause mortality compared with placebo after approximately 7 to 8 years of follow-up. 73 One fair-quality trial (n = 1005) in asymptomatic people with elevated CAC score, defined as 80th percentile or greater for age and sex, and with low-density lipoprotein cholesterol levels less than 175 mg/dL (4.5 mmol/L), did not find any statistically significant benefit for atorvastatin (20 mg daily) on reducing CVD outcomes compared with placebo after a mean of 4.3 years of follow-up 41 ; however, that study had a lower than expected number of events and was terminated early because of futility. Key Question 5. What are the harms of treatment guided by nontraditional risk factors?
Three of the 4 RCTs included for KQ4 reported harms of aspirin or statins guided by nontraditional risk factor assessment. 42, 50, 73 No other studies evaluating harms met inclusion criteria. Neither aspirin trial (n = 4626) found a statistically significant increase in hemorrhagic cerebrovascular accident after approximately 7 to 8 years of follow-up, although analyses are limited by a rare event rate. 42, 50 In the 1 trial reporting major bleeding, the association with lowdose aspirin approached statistical significance (hazard ratio, 1.71 [95% CI, 0.99 to 2.97]). 50 The trial evaluating high-intensity statins in adults with elevated hsCRP levels (n = 17 802) found evidence of an increased incidence of diabetes in the treatment group ; 2 studies using Heinz Nixdorf Recall cohort. 48, 63 e Four studies using the Rotterdam cohort 43, 47, 57, 58 ; 7 studies using the MESA cohort 38, 51, 57, 61, 69, 87, 88 ; 5 studies using the Heinz Nixdorf Recall cohort. 48, 52, 57, 63, 87 f Four studies using the Rotterdam cohort 43, 47, 57, 58 ; 6 studies using the MESA cohort 38, 51, 57, 68, 69, 88 ; 4 studies using the Heinz Nixdorf Recall cohort 48, 52, 57, 63 USPSTF Report: Nontraditional Risk Factors in CVD Risk Assessment compared with placebo after approximately 2 years (3.0% vs 2.4%, P = .01); however, it did not find evidence of increases in other serious adverse effects, including hemorrhagic cerebrovascular accident or myopathic events, for high-intensity statin therapy compared with placebo.
Discussion
Direct evidence from adequately powered clinical trials evaluating the incremental effect of the ABI, hsCRP level, or CAC score to improve health outcomes is lacking ( Table 4 ;eTable7intheSupple-ment). This remains unchanged from the 2009 and 2013 USPSTF recommendations, which concluded that the evidence was insufficient to assess the benefits and harms of using nontraditional risk factors for cardiovascular risk assessment (I statements). 14, 15 Advances in the evaluation of risk prediction literature, as well as an accrual of new evidence since the previous recommendations, has allowed for more detailed analyses of risk prediction studies that offer indirect evidence for the use of nontraditional risk factors ( Figure 1) . A substantial body of evidence evaluates the ability of the ABI, hsCRP level, or CAC score to improve on the discrimination and reclassification of traditional risk assessment, but most of this evidence is not readily applicable to current clinical practice because it does not use published coefficients, rarely evaluates the addition of nontraditional risk factors in the context of the Pooled Cohort Equations, and seldom uses current risk thresholds for aiding treatment decisions. Regardless, CAC score shows the largest potential for improvement in discrimination and reclassification. Improvements for the ABI are larger when base models perform poorly, such as the Framingham Risk Score in women. Results for hsCRP level are inconsistent. Based on selected included studies, examination of the absolute number of people appropriately and inappropriately reclassified using current treatment thresholds (ie, 7.5% or 10% 10-year CVD risk) demonstrates that even with favorable NRI for CAC score and ABI, more people will be incorrectly reclassified to a higher risk category, thus needing treatment, vs correctly reclassified as needing or not needing treatment.
A 2015 analysis of data from the MESA study 91 found inconsistent results. That analysis, while valid, was designed to answer a different question about risk stratification and was excluded from this review because of its different study design. Multiple methodologic differences between this analysis and the included MESA analysis 38 (ie, differences in definitions of risk strata, differences in risk classification of individuals with diabetes, differences in comparisons of CAC score alone vs CAC score plus Pooled Cohort Equations, and recalibration of the Pooled Cohort Equations) prohibit direct comparisons between the 2 studies' findings. Therefore, while CAC score appears to be the most informative nontraditional risk factor, there remains uncertainty around the overall clinical effect of the inappropriate upward reclassification of individuals and of resultant downstream testing, including from incidental findings. While experts have argued that large-scale clinical trials evaluating the effectiveness of CAC screening on patient health outcomes are not feasible, 92 these studies may be necessary to address this remaining clinical uncertainty. Despite the recent proliferation of risk prediction studies, few clarify whether the addition of the ABI, hsCRP level, or CAC score can improve the calibration of traditional risk assessment. The lack of reporting of preferred measures such as calibration plots and observed to expected ratios limits the ability to interpret the clinical meaning of improvements in calibration. Even when preferred measures are reported, confidence in their results is usually limited by small numbers of events, especially among low-risk groups. As treatment thresholds have decreased over time, the implications of calibration in lower-risk groups have become especially important. Historically, the performance of risk prediction models has been focused on discrimination, 93 so the sparse reporting of calibration measures is not surprising and is consistent with the findings of other systematic reviews. 94 The focus on discrimination is incomplete because the C statistic is a rank order statistic; therefore a model can discriminate well but still systematically underestimate or overestimate risk.
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Limitations
The evidence report has several limitations. The review focused on just 3 nontraditional risk factors-the ABI, hsCRP level, and CAC score. Many more have been identified in the literature; however, these risk factors were selected because other synthesized literature identified them as having the greatest clinical potential. 21, 27 Additionally, the predictive value of traditional risk factors such as levels of total or high-density lipoprotein cholesterol was taken as given, but some literature suggests that these, too, might be very small to small when assessed in terms of the C statistic. 40 Given the large volume of studies included for KQ2, some explicit exclusions were made so as to focus on the most clinically relevant analyses. Additionally, comparisons across studies are difficult because of the heterogeneity of base models, model type, predicted outcome, and definitions of risk strata as well as limited reporting of confidence intervals, statistical significance, and separate reporting of event and nonevent NRIs. In addition, 1 of the risk assessment analysis stratifications was whether a study preserved published coefficients or developed a new model; because methods were often only briefly described, the categorization represents a best guess for many studies, and, in cases of uncertainty, the study was categorized as model development.
Conclusions
There are insufficient adequately powered clinical trials evaluating the incremental effect of the ABI, hsCRP level, or CAC score in risk assessment and initiation of preventive therapy. Furthermore, the clinical meaning of improvements in measures of calibration, discrimination, and reclassification risk prediction studies is uncertain. This supplem ent ar y m at er ial has been pr ovided by t he aut hor s t o give readers addit ional inform at ion about t heir work.
eMethods. Literature Search Strategies for Primary Literature
Key: / = MeSH subject heading $ = truncation * = truncation ? = wildcard ab = word in abstract adj# = adjacent within x number of words ae = adverse effects hw = subject heading word id = identifier kw = keyword md = methodology near/# = adjacent within x number of words ti = word in title The ratio of observed-to-expected events.
Hosmer-Lemeshow test
Calculated by summing differences between observed and predicted probabilities in each group (a group being some parsing of the population, e.g., by decile, risk strata); a significant p-value signals poor fit. The test is sensitive to how groups are constructed and to sample size, often being nonsignificant for small N and significant for large N. 9 The Hosmer-Lemeshow test does not adjust for time-to-event, and several approaches have been developed to extend the test for survival data (but were not reported in included studies). 10 Overall performance (captures both calibration and discrimination aspects) 7 Akaike information criterion (AIC) and Bayes information criterion (BIC)
The AIC and BIC are measures used during model development to aid in inclusion or exclusion of predictors in a model. The AIC is a function of log likelihood that adds a penalty for each added predictor. The BIC is similar, although it imposes a greater penalty than the AIC for added variables. Lower values of both measures indicate better model fit. A change of >10 in the AIC has been proposed to indicate strong evidence for a difference in models.
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Likelihood ratio 2 
Likelihood ratio
2 is a global test of model fit and a function of the number of terms in the model. Higher values for the ratio, or difference between models, indicate better fit (as do lower absolute log-likelihood values). 12 A global 2 is generally the same as a likelihood 2 (twice the log likelihood ratio).
Brier score The Brier score computes the sum of squared differences between observed outcomes and fitted probability, where lower values indicate that predicted probabilities are closer to observed outcomes.
R 2
There are a number of ways to calculate an R 2 for a logistic regression. 9 Nagelkerke's generalized R 2 , which is reported in included studies in this body of literature, is generally analogous to the percentage of variance explained in a linear model and is adjusted to a range of 0 to 1. Higher values indicate better fit. 12 The R 2 is more helpful than the Brier score because it can be compared across models/studies. Discrimination c-statistic or area under the curve (AUC); change in cstatistic or AUC The probability that, for a randomly selected pair of individuals, one with disease and the other without, the person with disease will have the higher estimated disease probability according to the model. 12 The c-statistic can be conceptualized as the area under the ROC curve (plots sensitivity against 1−specificity); as a rank order statistic it is insensitive to systematic errors in calibration. 7 The Harrell's c-statistic is an extension of the AUC for survival analysis allowing for right-censored data and variable time to followup. 13 The change in c-statistic or AUC can be insensitive in assessing the impact of adding new predictors to a model, and the impact of a new predictor on c-statistics is lower when other strong predictors are in the model. 27 . f Hard CVD defined as fatal or nonfatal MI or CVA or CVD mortality; hard CHD defined as fatal or nonfatal MI or CHD mortality; soft CVD could additionally include angina, revascularization, TIA or claudication in composites defined by the study. Similarly, hard CHD could additionally include angina or coronary revascularization in composites defined by the study. 
